Abstract:
Introduction
Organo modified clays have been widely studied in an attempt to produce exfoliated clay based polymer nanocomposites in almost every class of polymer. These nanocomposites have attracted attention because in several cases, when compared with conventional microcomposites, they have shown to give rise to more efficient mechanical reinforcement, better retention of processability, and enhanced thermal and electrical properties [1, 2] .
Over the past few years, there have been few numbers of researches on the effect of fillers on dielectric properties of polymers [3] [4] [5] .The nanotechnology applied to dielectric has certainly become an interesting topic, because the large advantage of this type of structures by the improvement in electrical characteristics were suggested [6] .The addition of nanofillers into polymer matrix brings about not only the distribution of electrical field inside the materials, but also new structural behavior due to the interface interaction [7] . The nature of filler plays an important role in the polymer material stability for power cables, transformers, insulators because they are subjected to permanent multi stress action [8] .
PVC is one of the electrical insulators; electrical properties of PVC are of great interest because of their wide electrical application [9] . PVC is used for manufacturing low tension-range cables [10] and of electronic devices [11] . The modifications induced by energy transfer on to PVC involves dehydrochlorination [12] , the formation of radicals that generate polarizable units by oxidation [13] as chemical processes and the increase in the polarizability of degraded samples [14] . The effects of high energy exposure on PVC have been reported [15] .
PVC is also widely used as biomaterials, it represents 25% of the plastics used in medical applications [16] .Microporous materials as clay minerals have many applications in the industrial sector [17] .Pharmacology studies have revealed that montmorillonite can adsorb bacteria such as E. coli, S. aureus and have the ability to immobilize cell toxins. Some researchers found that natural clay minerals showed no antibacterial effect, but could adsorb and kill bacteria when materials (i.e. organic modifiers) with antimicrobial activity were intercalated [18] [19] [20] . The important feature of this organic modifier is the presence of long hydrophobic chains in organic cations [21, 22] . Such substances are highly effective against a broad spectrum of microorganisms and widely used as antimicrobial agent [23] . However, there are very few reports in the open literatures concerning the antimicrobial activity of clays loaded with organic biocides [24, 25] .
The nanocomposites offer some improvements not only in mechanical, thermal and electrical characteristics but also in other, more specific properties, such as barrier or optical properties [26] . In studies by Stoeffler et al [27] and Wan et al [28] , PVC/MMT nanocomposites showed excellent barrier properties, a result which was confirmed by gas permeability measurements. Francis and Schmidt [29] found that the addition of only 2 wt% of OMMT resulted in a decrease of oxygen permeability in PVC/OMMT nanocomposites.
We have reported the synthesis characterization of PVC/layered silicate in our earlier studies [30] .In this paper, the effect of organoclay type and content on dielectric properties, electrical conductivity and antibacterial activity as well as oxygen permeability of the plasticized PVC/clay nanocomposites was investigated.
II. Experimental

Materials
Suspension poly (vinyl chloride) (K-value 70, brand SH 1300) was purchased from Shintech-(USA). Two different types of nanoclay were used: natural bentonite hydrophilic type labeled PGV, without chemical treatment and organoclay donated 1.31 PS modified with a mixture of 15-35 wt % octadecyl amine and 0.5-5 wt % aminopropyltriethoxysilane. The nanoclys were supplied from Sigma Aldrich (USA), with product numbers 682659 and 682624 and initial gallery heights, 1.41 nm, and 2.19 nm, respectively. Dioctyl phthalate (DOP), epoxidized soybean oil (ESBO) and Ba/Cd/Zn were used as plasticizer, co-stabilizer and heat stabilizer, respectively. All the PVC ingredients were of commercial grades purchased from, Oltchem-(Romania), Skybright-(China) and Patchem-(UAE). The microorganisms selected in this study were Gram-positive Micrococcus luteus RM1 and Gram -negative Pseudomonas aeruginosa HR1, both bacterial strains were isolated from different oil polluted environments which was obtained from Petroleum Biotechnology Lab, Processes Development Department, Egyptian Petroleum Research Institute.
PVC melt compounding
The formulations of PVC compounds are presented in Table 1 . The synthesis, as well as morphology, physicomechanical properties, and thermal properties of PVC nanocomposites have been reported in our earlier studies [30] .
Instrumentation 2.3.1. Electrical analyses
Permittivity (dielectric constant) ' and dielectric loss (dissipation factor) " were carried out in the frequency range 100 Hz up to 100 kHz by using an (LCR meter;Product name: AG-411 B; manufactured by Ando electric Ltd. (Japan)). The capacitance C, the loss tangent tan δ and the resistance R were obtained directly from the bridge from which ', "and conductivity  were calculated. The samples were molded in the form of discs with 5 cm diameter and 3mm thickness. A guard ring (capacitor;product name: NFM/5T; manufactured by Wiss. Tech. Werkstatten GmbH, (Germany)) was used as a measuring cell. The cell was calibrated with standard materials [31] and the experimental errors in ' and "were found to be ±3 and ± 5%, respectively.
Morphology analysis
Phase morphologies were studied using a scanning electron microscope (SEM; product name: JSM-T20; manufactured by Jeol (Japan)). For scanning electron observation the surface of the sample was mounted on a standard specimen stub. A thin coating of gold was deposited into the sample surface.
Antibacterial analyses
Biodegradation percentage (BD %) of the tested samples was carried out in 100 ml batch flasks containing 30 ml basal salts medium with initial pH 7 prepared according to [32] . Gram-positive bacteria such as Micrococcus luteus RM1 and Gram-negative bacteria such as Pseudomonas aeruginosa HR1 were incubated at 30 o C for 21 days in a shaking incubator at 150 rpm. Finally, the samples were taken from the medium, washed with distilled water and dried overnight at 25 o C. The biodegradable percentage (BD %) was calculated by the weight loss from the following equation [33, 34] .
Where, W c and W s are the weight loss of control and sample sheets in grams. Each value was the average of triplicates. The optical densities (OD) of microbial suspensions were measured using a (spectrophotometer; product name: V570; manufactured by JASCO (USA)) with wave length equal to 600nm. The OD was calculated as the ratio of I/Io where I is the final light intensity at growth of bacteria at 21 days to the initial one at bacterial injection.
Permeability analysis
The oxygen transmission rate (OTR) was detected at 23 o C and 50 % relative humidity according to ASTM D 1434-82, using differential pressure method as per manometric principle. The device used was a (OTR; product name: GDP-C-Gas Permeability Tester; manufacture by Brugger Feinmechanik GmbH, Munich, Bayern-80335(Germany)). The test samples with area 9852 mm 2 and thickness 1.5 mm were prepared by compression molding and put between the top and bottom part of the permeation cell.
III.
Results and Discussions Fig.1 shows the permittivity ' and dielectric loss " versus the applied frequency f at temperature  25 o C for the unfilled PVC and PVC loaded with different contents of clay : (a) PVC/PGV and (b) PVC/1.31PS nanocomposites. It is clear that the permittivity ' decreases with increasing frequency and the decrease in ' is very prominent at low frequencies. The decrease of ' with increasing frequency is the expected behavior in most dielectric materials. This is due to dielectric relaxation which is the cause of anomalous dispersion. From a structural point of view, the dielectric relaxation involves the orientation polarization which in turn depends upon the molecular arrangement of dielectric to be material. So, at higher frequencies, the rotational motion of the polar molecules of dielectric is not sufficiently rapid for the attainment of equilibrium with the field, hence dielectric constant seems to be decreasing with increasing frequency [35] .
Electrical analyses
It is also evident that permittivity ' increases considerably with the addition of filler as compared with unfilled PVC. This may be due to the presence of polar group in the filler. Also it was found that this increase depends on filler treatment. For PGV without treatment Fig.1a ' increases considerably with addition of PGV until certain concentration (i.e. 6 phr) after which a stability of ' was noticed. On the other hand, for 1.31PS treated clay Fig.1b an increase of 'values is observed at 2.5 phr. This attributed to the fine dispersion of 1.31PS in small clay content as corroborated by results deduced from TEM photographs previously interpreted in Ref. [30] . Beyond 2.5phr a pronounced decrease in' was noticed. As the filler loading increases, the density of the system is also increased and the extent of orientation of dipoles is retarded; thus, the ' shows either decrease or stability.
It is apparent from Fig.1 , which represent the variation of " with frequency at room temperature, that the values of " is increased at higher frequency by increasing untreated PGV filler content, Fig. 1a . This was due to the fact that filler-filler interaction was stronger than filler-polymer interaction which leads to the aggregation of filler inside the matrix. This assumption was justified by using scanning electron microscopy as will be seen later. While for 1.31PS treated filler, "values decrease by increasing filler content up to 2.5 phr after which no significant change in "was noticed. This is due to the fine distribution of 1.31PS inside the PVC matrix and consequently the dipoles canceled themselves to get minimum dipole moment which is responsible for the decrease in "values. In order to understand the variation of both ' and "with filler content and type, both values are illustrated graphically versus filler content at fixed frequency of 100 Hz as shown in Fig.2 . From this Fig. it is interesting to conclude that the optimum sample recommended for insulating purposes is From Fig. 1 , it is clear that the curves relating "and log f are broader than Debye curve [36] indicating that more than one relaxation process is present. These processes could be attributed to mechanisms related to the main chain and its related motions [37] .
In addition to the conductivity term, the analysis of the absorption curves relating " and the applied frequency, after subtracting the conductivity term was done in terms of superposition of Fröhlich and a Havriliak-Negami functions according to the equations given elsewhere [36] .
The first absorption region at the lower frequency range and fitted by Fröhlich function with relaxation time τ 1 may be attributed to Maxwell Wagner effect. This region is found to be unaffected by the filler content with τ 1 value about 3.4-3.6 x10 -4 s as shown in Fig. 3a, b . The second absorption region at the higher frequency range with relaxation time τ 2 is found to be in the order of 10 -5 s, which is fitted by Havriliak-Negami function and could be attributed to the orientation of the large aggregates caused by the movement of the main chain. The relaxation time associated with this region is found to increase by increasing clay content as shown in Figure 4 . This increase is found to be much more pronounced in case of 1.31PS/PVC nanocomposites rather than that for PGV untreated ones. The increase in τ 2 reflects filler-polymer interaction which increases the molar volume of the rotating units and consequently the relaxation time increases [38] . The obtained values of τ 2 together with the electrical conductivity  are illustrated graphically in Fig.4 . From this Fig. it is noticed that:  The electrical conductivity  increases by increasing the PGV content up to 8phr after which a slight change was noticed. This is due to the aggregation of filler inside the polymeric matrix leading to the formation of a conduction path which is responsible for the increase in the electrical conductivity.  For PVC/1.31PS nanocomposites, the electrical conductivity  decreases by increasing clay content up to 4phr after which no significant change in  was noticed. The decrease in  values is due to the fine distribution of 1.31PS which makes it easy to interact physically with PVC.  The relaxation time τ 2 for PVC/PGV is found to be unaffected by the filler content as its value changes from 2.8-3.6x10 -5 s this is due to the fact that filler-filler interaction is preferable than filler-polymer interaction so physical interaction between polymer matrix and filler is weak.
 The second relaxation time τ 2 for PVC/1.31PS nanocomposites is highly affected by filler percentage ,τ 2 changes from 2.8-6.8 x 10 -5 s which reflects physical interaction between filler and polymer matrix and fine distribution of filler inside the polymer matrix. Again, this interaction increases the molar volume of the rotating unites and consequently the relaxation time increases [38] .  The obtained data for both  and τ 2 justify the data previously obtained by the dielectric parameters ' and ".
Morphology Analysis
The SEM photographs are shown in Fig. 5(a) PVC/PGV (8phr) and (b) PVC/1.31 PS (2.5phr). Fig.5  (b) depicts the fine dispersion of 1.31PS in PVC matrix compared with PGV filled matrix Fig.5 (a) . This could be explained by the good interactions between 1.31PS (2.5phr) and PVC matrix. This means that each layer of clay has been dispersed well in the polymer matrix. On other hand, Fig. 5(a) reveals the presence of large aggregates on using PGV (8phr) that could be attributed to the poor adhesion of layered silicate to the matrix's chains leading to increased filler-filler interaction. 
Antibacterial Analyses
Evaluation of antimicrobial activity of the prepared PVC/1.31PS nanocomposites has been performed, through biodegradation (BD %) and optical density (OD) calculations, and compared with that containing hydrophilic PGV and unfilled PVC. The tested compounds have been evaluated for their activity against Grampositive bacteria (e.g. micrococcus luteus RMI) and Gram-negative bacteria (e.g. Pseudomonas aeruginosa HRI). According to the method described previously in the experimental part, results of Table 2 indicate that the unfilled PVC has 2.040 and 3.400 % biodegradation percentages (BD %) against both Gram-positive and Gramnegative bacteria, respectively. This indicates the antibacterial activity of unfilled PVC. As expected, the (a) ( (b chlorine group is the commander in the inhibition process; therefore, PVC is effective in inhibiting the growth of microorganisms [39] .
For PVC nanocomposites, the data in Table 2 indicate that the variation in the antibacterial activity can be attributed to the difference in the morphology and particle sizes of 1.31PS nanocomposite which influences interaction with the bacterial cell wall. The poor ability of the bacteria to grow on the PVC/1.31PS (2.5phr), with positively charged quaternary ammonium groups as a sole source of carbon and energy, indicates its low biodegradability at this content so that it approaches that of unfilled PVC. This means that PVC/1.31PS (2.5phr) samples have higher inhibitory effect against the studied bacteria. This can be attributed to the filler exfoliation inside the matrix at 2.5phr as shown from XRD and TEM photograph previously explained in our study [30] .Similar results were found by Ufana, et al [40] . This was in agreement with an earlier work reported by Alexandra et al [39] who found that most antimicrobial polymers are positively charged and by Kenawy et al. [41] who accepted that the mechanism of the bactericidal action of the polycationic biocides involves destructive interaction with negatively charged cell wall and/or cytoplasmic membranes. On other hand, the data in Table 2 indicate higher affinity of bacteria towards PVC/1.31PS (10phr). This was in accordance to the fact that, the 1.31PS nanoparticles were found to be agglomerated in a large particle size distribution and randomly dispersed in the PVC matrix [30] . This hampers the antibacterial activity of the composite and in turn increases the biodegradation. Similar results were found in Ref. [40] . Table 2 also indicates that the mechanism of action of the prepared samples was found to differ for Gram-positive and gram-negative bacteria, owing to the difference in the composition of the cell wall. Gram-negative bacteria have an additional membrane with a bilayer phospholipid structure, which protect the inner cytoplasmic membrane to greater degree against the adverse action of the polymeric biocides [39] .
On other hand, the absence of quaternary ammonium groups in the untreated PGV clays was considered as responsible for the bacterial activity; making the PVC samples more degradable with respect to organo 1.31PS filled PVC.
The data in Table 2 indicate the lowest I/Io for PVC/1.31PS (2.5phr) as compared with other tested compounds. This means minimum turbidity after 21 days which in turn reflects bacterial inhibition after this period with lowest biodegradation percentage. Thus, the results of biodegradation percentages were inconsistent with the optical density data. It can be seen that the polar character of the unfilled PVC is responsible for increasing its oxygen permeability at 50% humidity. As water molecules attach on the polar group, the polymer cohesion is weakened, thus, higher oxygen transmission occurs [42] .On the contrary, the change in oxygen permeability of nanocomposites is controlled by clay content and microstructure. The clay layer themselves are impervious to oxygen providing barrier resistance [43, 44] . The presence of silicate layers are expected to cause a decrease in oxygen permeability because of more tortuous paths for the diffusing molecules that must bypass impenetrable platelets. This phenomenon is significant when the filler is of nanometer size with high aspect ratio [45] . It was deduced that with increasing clay content in a nanocomposites up to 6 phr, the permeability of oxygen was reduced. At low concentration (2.5phr), permeability decrease was not significant indicating there was insufficient platelets to provide resistance to permeability and tortuous path required. 
IV. Conclusion
On the basis of obtained data, the following conclusions can be drawn. PVC/clay nanocomposites have been prepared by melt processing with the use of commercially availableclay donated by PGV and1.31PS.Nanocomposites with the platelets of modified clay 1.31PS dispersed in PVC matrix exhibited insulating properties as it has the highest ' and lowest " with increasing in τ 2 values when it compared with the other composites under investigation. The enhanced antibacterial effect of PVC/1.31PS can be correlated to nanosize morphology. The smaller size as well as the homogenous dispersion of 1.31PS (2.5phr) nanoparticles in PVC, is presumably responsible for higher antibacterial activity in this case as compared with 1.31PS (10phr). This indicates the poor ability of the studied microbial strain to grow on the studied samples as a sole source of carbon and energy indicating lower biodegradability at 2.5phr.Also the presence of quaternary ammonium groups in the 1.31PS clays is the factor of increased antibacterial activity in contrast to that of PGV clay. The nanocomposites maintained their good permeation behavior also at 50% humidity by creating a tortuous path that retards the oxygen permeability through PVC matrix.
